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The Sclioo'f *6f "Electrical Engineering of Purdue University has had
occasion to answer many inquiries and advise many citizens of the state

regarding the value and proper construction of devices for protection
against lightning. Until recently, however, the statistics in connection
with the losses by lightning in this state have not been sufficiently complete
to permit any definite conclusions to be drawn with regard to the value of

lightning protection for buildings in this part of the country.
The aim of this bulletin is to give to the average citizen a non-technical

discussion of lightning and lightning protection. The conclusions set forth,
based upon records of losses kept by the state fire marshal and many in-

surance companies, seem to be worthy of general publicity throughout the

state and it is hoped that the unbiased recommendations herein contained
will prove of value and that their adoption will result in fewer losses from

lightning in the state of Indiana in the future.

LIGHTNING PROTECTION

When one reads of the many deaths and fires caused by lightning each

year, the importance of protection of human life and buildings from light-

ning is forcefully brought to his attention. Few realize the magnitude of

such losses. The last report of the Indiana Fire Marshal, however, attrib-

utes seventeen per cent, of the fires which occurred in the rural districts

of the state in 1916, to lightning. This ratio has been exceeded in previous

years. In fact, a glance at Table I will show that in 1914 lightning started

more fires than any 'other one cause.

TABLE I. *Indiana Fire Losses Outside Incorporated Cities and Towns
Cause Numbers

Unknown 543

Lightning 332
Defective Flues 309

Spark from Chimney 149

Adjoining 100

Sparks from Locomotive 87
Defective Stove 44

Incendiary 41

Spontaneous Combustion 26

Child with Matches 18

Kerosene Lamp 15

Careless Smoker 14

Burning Rubbish 12

Defective Furnace 1 1

Gasoline Stove 1 1

Careless with Matches 10

Gasoline Explosions 10

Report State Fire Marshal 1914



Kerosene Stove 8
Ashes and Wood 5
Defective Grate 4
Defective Wiring 4
Tramps 4
Gas Explosions 4
Defective Boiler 3

The damage due to lightning is particularly heavy in the rural dis-

tricts, probably for the 'reason that buildings in the country are more ex-

posed. An average of three hundred sixty-two (362) losses, causing dam-
age of $371,000 annually has been reported for the last three years. It is

no doubt true that the many tall buildings containing metal, the network of
overhead wires, groups of chimneys, etc., to be found in the city, tend to

disperse any electricity which might gather upon a cloud and prevent a

heavy concentrated stroke of lightning. This increased risk incurred by
buildings in the country is very clearly indicated in Table IT,

TABLE: II. Buildings Struck by Lightning in Indiana in 1913

Total Number in Per Cent, in

Number Country Country

Barns* 510 469 92
Dwellings 305 158 52
Stores *. . 6 4 67
Schools 27 17 63
Churches 14 4 29

Total 862 652 76

''Of these losses 69 per cent were total

Cattle and Miscellaneous losses 101

Possibly it is not generally understood that considerable damage may
be done in the vicinity of a lightning stroke, even if the flash is not directed

toward the building itself. A portion of the current passing from a cloud

to the ground is often conducted for some distance along telephone wires,

fences, etc., before its energy is entirely dissipated. Indirect effects of

sufficient violence to ruin buildings and take human life often result from
the violent air currents in the neighborhood of a direct stroke.

In addition, the so-called "side flashes" may occur at some distance

from a direct stroke. Many electrical machines operate as a result of the

principle that a large current of electricity in one conductor may induce

another current in a neighboring conductor, even if there be no electrical

contact between the two. In a similar manner a heavy lightning discharge,

passing from a cloud to ground in an open field, may cause a dangerous
electric current to follow some of the metal work or piping in a nearby

building.
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PROTECTION AGAINST LIGHTNING

The question is often asked, "Are lightning, conductors worth while?"

Fortunately this question may now be conclusively answered by studying
the statistics already collected in this state. During 1916 there were found
to be sixty times as many losses upon unrodded buildings as upon those

properly equipped with lightning conductors. Practically one house in

every five is rodded in this state. It is fair to conclude therefore, that the

unrodded building is about fifteen times as likely to be damaged by light-

ning in the rural districts of Indiana as the well protected structure.

Fig. 2. Typical farm buildings using lightning rod protection

It has been conclusively shown by means of statistics secured in other
states that buildings provided with good lightning rods actually decrease
the number of strokes which occur. This is in accord with the theory of
the lightning discharge. Professor Day found in the province of Ontario
that out of every 7,000 unrodded farm buildings, 37 were struck, while
but two rodded buildings were struck in 7,000 structures thus protected.
This represents an efficiency of 94 per cent, for tli lightning rod. During
the following year an efficiency of 92 per cent, was recorded, while in

Iowa an average efficiency of 98 per cent, was maintained from 1905 to

1912. In short, lightning rods may be justly considered as a legitimate
form of preventive insurance.

SELECTION OF LIGHTNING RODS

The secret of efficient protection against damage from lightning is

the installation of a number of good conductors of electricity upon the

building which extend from the highest and most exposed portions of the

structure to permanently moist earth. Copper is the best material for

such a conductor although iron pipe and aluminum are used in some in-



stances. Great care should be exercised to avoid as many bends in the con-
ductor as possible, for a lightning stroke has great difficulty in turning a
corner. Unfortunately some lightning conductors seem to have been de-

signed to attract the eye of the prospective purchaser rather than the light-

ning stroke. Fancy ornaments or designs are worthless and often decrease
the effectiveness of the system as a lightning conductor. Generally speak-

ing, the conductor should have as much exposed surface as possible, even
if made hollow, for lightning does not penetrate into the center of the con-

ductor but rather prefers to follow the surface. Because of this fact and
for ease of installation, flat copper straps or tapes are very satisfactory.
Conductors of copper should weigh from two to six ounces per foot and if

stranded, no strand should be less than No. 12 B. & S. gage.
INSTALLATION OF LIGHTNING RODS

Lightning conductors should be securely fastened to the building by
means of metal nails, staples or special clamps. They must never be

mounted upon insulators. All metal portions of the building such as metal

roofs, hay tracks, water conductors, windmills, etc., should be mechanically
and electrically connected to the rods.

Fig. 3. Lightning Protection for Dwelling

Vertical rods, terminating in points, extend upward into the air from
the highest points of the various gables, dormers, chimneys, etc., of a well

protected building, while their lower ends are connected to the ground by



means of the shortest practicable conductor. Terminal rods are particu-

larly effective upon chimneys for the latter, if left unrodded, offer a most
vulnerable attraction to a lightning- discharge due to the readiness with
which hot gasses and soot conduct electric currents.

The most important feature of the protective system is the ground
connection. A POORLY GROUNDED SYSTEM IS A FIRE RISK
RATHER THAN A PROTECTION. One of the best and certainly
the cheapest ground is a water pipe. The connection with such a pipe
should be made outside of the water meter if there be one installed. A
firm mechanical joint should first be made between the copper lightning
conductor and the pipe whose surface has been previously brightened. The

joint should then be thoroughly soldered. Care should be taken not to

make use of pipes which may lead to wells, cisterns or springs before en-

tering permanently moist earth.

Fig. 4. Typical method of rodding barn and silo

Another type of ground which may be considered a second choice, is

made by burying a copper plate, two feet or more square, in a bed of coke

placed in permanently moist earth. Such a plate must be both mechanically
connected and thoroughly soldered to the lightning conductor at several

points over its surface. A discarded copper wash boiler is sometimes used

very effectively for such a plate.

Pipe grounds are made by driving a galvanized pipe of large surface

area deeply into the ground and securely fastening and soldering the con-

ductor to the upper end of the pipe.
A considerable length of the lightning conductor itself may be buried

sufficiently deep in the ground to guarantee permanent moisture. This is

possibly the type of ground most often installed and is effective for rela-

tively small installations. Whatever type of ground is adopted, its efficacy



will be greatly improved by tamping a mass of coke about the metal, for
in this manner the surface of the conducting material which is in contact
with the moist earth is greatly increased.

INVESTMENT JUSTIFIED FOR LIGHTNING PROTECTION

Two independent methods of determining the investment justified for

lightning protection may be of interest.

Assume the value of a barn and contents to be $5,000. Suppose also
that a reduction in premium of ten cents per hundred dollars of valuation
is granted by the insurance company for a rodded building* as is often the
case. Five dollars per year capitalized at 5 per cent, justifies an investment
of $20 per $1,000 of valuation in lightning protection.

If the investment be figured, however, upon the basis of previous
losses it is found that an average loss has been experienced upon Indiana
farms of $474,000 per year with a valuation of $266,079,000. Assuming
the efficiency of lightning rods at 90 per cent (Actual figures show not
less than 92 per cent) the preventable loss may be considered to be $427,-
ooo. This represents an investment of $32 per $1,000 valuation if capital-
ized at a five per cent rate of interest. Very satisfactory systems may be
installed at a cost much below these figures.

SPECIAL PROTECTION

It is often found desirable to protect farm property other than build-

ings. If high trees are in close proximity to buildings it is good practice
to provide them with rods, not for the protection of the tree but rather
that of the nearby building which may be endangered as a result of a stroke
to the tree. Isolated trees under which cattle are accustomed to congre-
gate during storms may also be provided with rods to advantage.

In Belgium a record was kept for several years which indicated that

poplar, oak and elm trees were affected most by lightning. Pine, fir and
chestnut trees were frequently struck while beach, birch and maple seemed
to be practically immune. However, the location of the trees probably has
more to do with their likelihood of being struck than their species.

Many cattle are killed every year while standing near wire fences

during storms. For this reason, fences surrounding pastures should be

grounded at least every twenty rods, yard fences should be grounded at the

four corners at least, and fences connected to buildings might well be

connected to ground at the first post from the building. Such grounds are

made at the fence post by a vertical wire extending a few inches above the

top of the post, connected to each of the fence wires and running at least

two feet into the ground. If the ground is applied when the fence is in-

stalled, it may consist of a wrapping of several turns of wire about the

butt of the fence post before the latter is placed in the post hole.

It is rather surprising that the Indiana records for the year 1913 show

23 cases of hay being struck in the open field. Protection has therefore

been designed for haystacks as indicated in Fig. 5. This consists of a
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single high metal post located at the top of the stack and connected \yith
the ground by means of four wires supported upon the ends of light

wooden staffs thrust into the hay.

Fig. 5. Protection for Haystack

CONDUCT DURING A THUNDER STORM

In general, it is well to keep away from all metal of any size during
a thunder storm. Especially do not stand in such a way as to form a por-
tion of a conducting path to ground for a possible lightning stroke. An ex-

ample of this, which has proved fatal in many instances, is that of grasping
electric or gas fittings while leaning against plumbing fixtures or pipes.
It is well to avoid using the telephone or switching electric lights on or off

during the height of a severe electrical storm.

It is probably unnecessary to emphasize the danger of seeking shelter

under an isolated tree during such a storm since the many serious accidents

which have resulted therefrom are well known. It is probably true that a

person with clothing thoroughly wet, but exposed to the elements, is in less

danger than his seemingly more fortunate neighbor who with dry clothing
has sought the shelter of an unprotected barn or isolated tree.

In conclusion, it is hoped that the information contained herein will

stimulate a further interest in lightning protection ;
that it will show the

importance of having buildings properly rodded, both in order to save

human life and to protect property from damage by lightning. The sug-

gestions in this bulletin have been based upon the results of lightning
strokes which have occurred in the past as well as upon the theories of

electrical phenomena, from which the so-called "freaks of lightning" have
been found to depart to a less extent as those theories have become better

understood. It is believed that if the instructions contained herein are

carefully followed that those who thus equip their buildings may be assured

of as adequate protection against damage from lightning as is possible at

the present time.
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